Abstract. In this paper, a three-dimensional model of a large synchronous generator stator is established. Based on the basic theory of heat transfer, the finite volume method is applied, and appropriate assumptions are put forward. The boundary conditions of the solution domain are set to obtain the distribution of the stator temperature field under normal conditions. The temperature of the inlet of the stator hollow strand is changed, and the influence of water temperature on the temperature field of the stator winding is investigated. At the same time, the temperature of the stator winding under different working conditions is simulated, and the variation law of the temperature field of the large synchronous generator is explored.
Introduction
In China's power grid, high-voltage DC is used for large-capacity power transmission. Under normal operating conditions, there is no reactive power exchange between DC power converter and system. However, in the dynamic process of system failure, DC needs to absorb a large amount of reactive power from the system [1] . In response to this problem, objectively requires large-scale active power transmission of DC, which must match large-scale dynamic reactive power [2] . Adjusting the Synchronous condenser can fully enhance the dynamic reactive reserve of the system [3] . Therefore, it is more widely used in the power grid. With the increase of the single-unit capacity of the motor, the heating problem of the motor has attracted more and more designers' attention. Domestic and foreign experts have carried out systematic research on the temperature field of the motor. In [4] , taking a hydro-generator as an example, it is concluded that the highest temperature of the stator core is located in the middle of the stator tooth. The literature [5] [6] [7] [8] [9] analyzed the influence of insulation on the stator temperature field of the motor, which laid the foundation for further optimization of the structure of the large generator strand. Literature [10] summarizes the relationship between the eddy current effect of the turbine generator and the temperature rise of the motor, and finds the highest and lowest points of the stator temperature. In [11] , the three-dimensional finite element method is used to calculate the three-dimensional temperature field of the stator of an evaporatively cooled turbo-generator combined with iron core infiltration and forced circulation internal cooling. The winding, insulation and the turbine generator of evaporative cooling are found. The temperature rise of the iron core is low and the distribution is even. The output power of the motor has a low influence on the temperature rise of the stator components, and the results are compared with the experimental results to verify the accuracy of the simulation results.
Basic Theory and Model Establishment Basic Theory
According to the basic laws in thermodynamics [12] [13] [14] : 1) Basic law of heat conduction:
(1) In a three-dimensional Cartesian coordinate system, objects have their own heat flux in all directions, expressed as follows:
Where is the heat of the object, the thermal conductivity of the object, the temperature of the object, and the heat flux density.
For the calculation of the steady-state temperature field, the temperature of each part of the motor does not change with time, and the differential equation of heat conduction is:
When there is a temperature difference in the fluid, heat exchange occurs between the hot molecules and the cold molecules in the fluid, which plays a role of heat conduction. At the same time, the heat enthalpy in the fluid migrates with the flow of the fluid, and the process becomes convective heat transfer. The basic form of Newton's law of exothermic heat is:
Where, the solid surface temperature is the average fluid temperature and is the convective heat dissipation coefficient.
The Reynolds number of the fluid in the Synchronous condenser is very large, and the Mach number is very small, and it belongs to turbulent flow. Under normal conditions, the fluid in the solution domain must obey the law of conservation of mass, the law of conservation of momentum, and the law of conservation of energy. The corresponding equations are described as follows:
1. Mass conservation equation:
Where u , v , w is the velocity component in the three directions of x , y , z .
3) All flow systems satisfy the law of conservation of momentum and are used to describe the incompressible fluid motion using the Navier-Stokes equation for short equations (momentum conservation law):
In the formula, p is the pressure and  is the dynamic viscosity coefficient. 4) Energy conservation equation:
Expand the above form to the following form:
p c is the specific heat capacity, T is the temperature, k is the fluid heat transfer coefficient, and T S is the viscous dissipation term.
Basic Assumption
In order to accurately and quickly construct a solution model for the three-dimensional temperature field of the camera, the following assumptions are made based on the basic mechanism of the motor and the heat transfer characteristics:
1) The Reynolds number of air and water in the camera studied in this paper is less than 2300, so the fluid flow in the motor is turbulent;
2) In the internal fluid field of the camera, the fluid flow rate is less than the wind speed, that is, the Mach number is small, so the internal fluid of the camera can be treated as an incompressible viscous fluid;
3) Ignore the influence of the end winding temperature on the straight section of the stator, and only establish the three-dimensional temperature field model of the stator straight section;
4) The wedge, insulation and the pad are regarded as adiabatic, so when the three-dimensional temperature field model of the camera is established, the three parts can be combined into one; 5) Ignore the influence of the resistance when adjusting the internal air flow of the camera on the motor fluid field; 6) Since the camera is symmetrical in the circumferential direction of the structure, it is determined that the center plane of the stator slot is adiabatic and there is no heat transfer in the motor circumferential direction.
Establishment of 3D Model of Temperature Field
The tuned camera studied in this paper is symmetrical with the axial direction in the structure. According to the flow characteristics of the fluid in the motor, the heat transfer characteristics and the basic assumptions of the previous one, the three-dimensional temperature field calculation model of the camera is established as shown in Figure 1 . The calculation domain contains two stator cores and one radial ventilation groove in the axial direction, and includes one stator slot and two half teeth in the circumferential direction. The specific arrangement of the hollow strands in the stator winding is as shown in FIG. 1 above. On the basis of the above preparatory work, the finite element software is used to calculate the temperature field of the camera, and the temperature field distribution in the solution domain is obtained, as shown in Figure 2 .
Calculation Results and Analysis

Temperature Field Results under Normal Conditions
It can be seen from the figure that the stator core temperature rises and then decreases from the stator tooth to the yoke along the radial height, and gradually increases from the center of the stator trench as a starting point; for the stator winding, close to the slot The wedge temperature is the lowest, because the wedge is far from the winding at the inlet of the air inlet, away from the heat source and does not heat itself, and the temperature of the hollow strands in the stator winding and the cooling water in the strand are maintained at 45℃. Compared with the temperature at the entrance of the waterway, there is no obvious temperature rise. The solid strand temperature at the same radial height is significantly lower than the stator tooth temperature, indicating that the cooling water has good heat dissipation performance and can take away a lot of heat, which is not only effective. Cooling the hollow strands, and also taking away most of the heat of the solid strands; for the entire stator winding, due to the strong cooling capacity of the water, the temperature of the upper and lower hollow strands is not much different, but due to the upper winding The coefficient of increase of resistance is larger and the heat is more serious. Under the same heat dissipation structure, the temperature of the solid strand in the upper winding is greater than the temperature of the solid strand in the lower winding; In the middle, the four solid strands near the slot have the highest temperature, which can reach about 100℃. This is because the skin effect is obvious and the heat is severe. At the same time, only one water channel acts on the heat dissipation here, away from the slot. The temperature of the four solid strands is relatively high, and in the lower winding, the temperature of the solid strand near the slot and away from the slot is relatively high, but the skin effect of the two windings is weaker. Therefore, even if only one waterway is cooled, the temperature is relatively low. Except for the solid temperature lines with higher temperatures, the temperature of other strands is maintained between 62℃ and 80℃.
Influence of Cooling Water Temperature on Stator Temperature Field
The above is the temperature field at the inlet of the motor water circuit. Under the actual working conditions, the cooling water gradually increases along the axial temperature, and the cooling capacity is reduced. Therefore, it is necessary to explore the influence of the increase of the cooling water temperature on the stator temperature field. . The temperature of the influent water was increased by 5℃, 10℃and 15℃, respectively, and the obtained temperature field distribution results are shown in Figure 3 .
It can be seen from the figure that the overall distribution of the temperature in the solution domain after changing the inlet temperature is almost the same as the temperature distribution trend when the inlet temperature of the water inlet is 45℃. The highest temperature is at the solid strand near the notch, and the other has only one waterway. The solid temperature of the cooled solid strand is also significantly higher than the remaining solid strands, but as the temperature of the cooling water increases, the heat dissipation capacity decreases, so that the temperature of the strands in the stator windings rises, and the temperature rise of the hollow strands is most obvious when entering the water. When the temperature is raised to 50℃, the temperature of the hollow strands in the upper winding gradually decreases from the notch to the bottom of the groove, and the temperature of each hollow strand in the lower winding is not much different, maintaining at about 51℃, when the temperature of the inlet water is increased to 55℃ and At 65℃, the temperature of each hollow strand is similar in both the upper winding and the lower winding, but the higher the inlet temperature, the higher the temperature of the hollow strand, indicating that the heat dissipation capacity of the water has been significantly reduced. As the inlet water temperature increases, the solid strand temperature increases accordingly, but when the inlet water temperature reaches 60℃, the solid strand temperature is the highest, and the cooling water in the hollow strand can only be solid against the hollow strand. The wire rod acts as a cooling. At this time, for the solid strand, the temperature difference between the upper and lower layers is more obvious, which is caused by the skin effect. 
Influence of Operating State on Stator Temperature Field
In the actual operation process, the current flowing into the stator winding is not necessarily the rated current. The change of current will cause the heat to change, and the temperature field of the stator winding will also change. Figure 4 shows the rated current of 0.8 times. The temperature distribution of the stator underneath. It can be seen from the figure that the temperature in the radial ventilation groove of the stator is relatively low, and is maintained at about 65℃. Starting from the radial ventilation groove, the temperature gradually rises along the axial direction to the both sides.
At the radial height, the temperature rises first. Further, the temperature reaches the highest at the junction of the stator tooth portion and the yoke portion. This is because the heat density of the tooth portion is greater than that of the yoke portion, and the heat is severe. Here, the temperature of the cooling air is greater than the temperature at the inlet, and the cooling capacity is lowered. The overall temperature distribution of the stator winding is the same as that of the rated current. The highest temperature is at the solid strand of the slot. The maximum temperature is 92.7℃. Compared with the rated condition, the maximum temperature drops by 9.8℃. As a result of the reduction in heat density, it can be seen from the temperature profile that the cooling capacity of the water is very good, and the temperature of the solid strand is also maintained at a very low level while effectively reducing the temperature of the stator hollow strand. . The interlayer insulation and the main insulation temperature at the bottom of the groove are relatively high to reach about 85℃. This is caused by poor heat dissipation here. In actual operation, attention should be paid to insulation heat dissipation and maintenance. Figure 4 shows the temperature field distribution of the stator winding with 1.2 times rated current. The stator core rises from the tooth to the yoke first and then falls. The highest temperature is at the junction of the stator tooth and the yoke, and the maximum temperature is The 0.8 times rated current is about the same. It can be seen that the increase of the stator winding heat density does not have a significant effect on the stator core. The heat dissipation of the stator core depends only on the temperature and flow rate of the inlet cooling air. The solid temperature of the solid strand of the stator at the notch is the highest, and the maximum temperature reaches 112.3 °C. Compared with the rated condition, the maximum temperature rises by 9.8 °C. The comparative analysis shows that the maximum temperature is linear with the current applied by the stator winding. It provides a theoretical basis for effectively predicting the maximum temperature of the stator winding under different working conditions. The temperature field distribution of the stator winding is consistent with the temperature law of the stator winding under rated conditions, but the overall temperature has increased. It can be seen that even if the heat density increases, the stator winding is made due to the extremely strong heat dissipation capacity of the cooling water. The temperature is maintained in a lower range. Similarly, the insulation temperature between the layers is close to the notch and the bottom of the groove. This is because the solid strands near the insulation are hot and the heat is poor. Caused. 
Conclusion
In this paper, a 300MVar camera is taken as an example to establish a three-dimensional model of fluid-solid coupling. The temperature field distribution of the inlet water temperature is 45°C, 50°C, 55°C and 60°C, respectively, to simulate different axes when the motor works normally. The temperature condition at the location. When the inlet water temperature is 45 °C, the temperature of each hollow wire rod and cooling water is slightly greater than 45 °C, the temperature rise is not obvious, which proves that the cooling water has excellent heat dissipation effect. Compared with each other, the temperature of each solid strand differs greatly. The maximum temperature can reach 102.5 ° C. The temperature of the solid strands closest to the notch and the farthest slot in the upper and lower windings is greater than the temperature of other solid strands, and the temperature of the remaining solid strands is maintained at 62 ° C ~ 80 ° C. The temperature of the solid strand in the upper winding is greater than the temperature of the solid strand in the lower winding. When the inlet water temperature is raised, the temperature of the stator winding increases but the temperature distribution trend does not change substantially. The temperature of the hollow strand and the outlet The temperature is the most affected. The temperature of the hollow strand is about 2 °C higher than the temperature of the water outlet. The temperature of the solid strand is less affected by the temperature of the water. The temperature of the solid strand increases with each temperature increase of 5 °C. Around 3.5 °C, the temperature of the hollow strands and the water outlet will increase by about 5 °C. At the same time, simulate the temperature field of the stator winding under different excitation currents in actual operation. The change of the excitation current does not change the distribution law of the overall temperature field of the stator, and does not have a significant effect on the temperature of the stator core. However, as the excitation current increases, the overall temperature of the stator winding increases, and the excitation current changes by 0.2. The maximum temperature of the stator winding is increased by 9.8 °C. Due to the factors of heat generation and heat dissipation, the insulation temperature at the interlayer insulation, the notch and the bottom of the groove is relatively high, and the insulation is most likely to be damaged here.
